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1. Introduction 
The  original  idea  at  the  beginning  of  this  PhD  program  was  to  evaluate  and 
understand the current state of Knowledge Technologies, specifically ontologies and 
Ontology Engineering and assess if these technologies could be applied to the field of 
Software Engineering to assist development teams in improving the quality of the 
artefacts delivered along the software development process. However, the evaluation 
of the current state of Ontology Engineering, uncovered new areas of research interest 
linked  to  some  of  the  difficulties  encountered  when  following  any  of  the 
methodologies available to create ontologies. 
 
Ontologies have emerged as one of the key components needed for the realization of 
the Semantic Web vision [Berners-Lee et al., 2001] and they bring with them a broad 
range  of  development  activities  that  can  be  grouped  into  what  is  called  Ontology 
Engineering. A detailed overview of what is an ontology, including the evolution of 
its definition in the literature, can be found in section 1.2 of [Gomez-Perez et al., 
2004]. 
 
Ontology Engineering practices present many similarities to those in the Software 
Engineering field and there have been different adaptations of software engineering 
principles to the ontology engineering domain [Fernandez-Lopez et al., 1997]. 
 
Below  is  a  list  of  the  most  common  ontology  engineering  practices  and  a  brief 
description  of  the  work  that  each  one  of  them  entails [Gomez-Perez  et  al.,  2004] 
[Fernandez-Lopez, 2002] [Fernandez-Lopez et al., 1997]. This list is not intended to 
be exhaustive given that new ontology engineering activities continue to appear as 
ontologies and the applications they are used for, keep on evolving. 
 
·  Requirements specification. Similarly to its Software Engineering counterpart, the 
main deliverable of this activity is an ontology requirements document. 
 
·  Conceptualization.  This  activity  produces  a  conceptual  model  of  the  ontology, 
starting from a glossary of terms that contains the relevant domain knowledge for 
the ontology. 
 
·  Implementation.  It  constitutes  the  actual  coding  of  the  ontology  into  a  formal 
ontology language that is machine-readable, such as the Web Ontology Language 
(OWL), [Dean and Schreiber, 2004]. 
 
·  Evaluation. This activity could be seen as the Verification and Validation tasks 
performed in the Software Engineering discipline. The idea is to corroborate that 
the delivered ontology meets the requirements it was built for. 
 
·  Documentation. It is an important task that takes place throughout the ontological 
engineering process in order to understand the built ontology and enable potential 
future re-use. However, lack of guidelines on how to generate this documentation 
has been a challenge for ontologists when undertaking this activity, [Skuce and 
Lethbridge, 1995]. 
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·  Evolution  and  maintenance.  This  practice  deals  with  the  repercussions  of 
modifications made to a deployed ontology in the applications and systems that 
the ontology operates. Management of change. 
 
·  Modularization. It studies how the construction of large ontologies can be realized 
by combining self-contained, independent and reusable knowledge components 
[D’Aquin, Schlicht et al., 2007]. 
 
·  Extension. In situations when an ontology is re-used, it may be necessary to add 
new classes, properties, or other functionality to adapt it to new requirements. The 
process of adding or expanding the capabilities of an ontology is also referred to 
as ontology extension. 
 
·  Specialization  or  refinement.  It  could  be  viewed  as  the  contrary  process  to 
ontology extension. In this case, the ontology functionality that is not relevant to 
meet its requirements is subtracted. 
 
·  Pruning or winnowing. It is characterized by tailoring, simplifying, or shrinking 
an ontology with respect to the needs of the application that is using it [Ehrig et 
al., 2004] [Alani et al., 2006]. 
 
·  Integration. It deals with the question of how and whether to use all or part of 
ontologies that already exist [Uschold et al., 1996]. 
 
·  Merging. It examines similarities and differences between source ontologies and it 
aims  to  produce  a  single  ontology  resulting  from  the  combination  of  all  the 
sources [Noy and Musen, 2000]. 
 
·  Mapping or alignment. Like in the case of ontology merging, ontology mapping 
also involves looking at links between existing ontologies to make them consistent 
with one another, although here, the sources involved will be kept separately [Noy 
and Musen, 2000]. 
 
·  Reasoning. This activity deals with the study of the inferring capabilities of the 
produced ontology. 
 
Out of all these aspects of ontology engineering, this report primarily focuses in the 
ontology  conceptualization  task  described  above,  and  on  the  opportunities  for 
improvement in the current state of the art methodologies. 
 
The first part of the conceptualization consists  on developing  a  glossary  of terms 
representative  of  the  target  domain,  obtained  during  the  preceding  knowledge 
acquisition phase. At this point, the construction of the model for the ontology starts 
and it is at this point that ontologists will have to solve different modelling issues to 
convert the glossary of terms into an ontology model. For example, what terms in the 
glossary  should  be  modelled  as  classes?  What  terms  should  become  properties, 
property values, or instances? This is the specific step in the conceptualization process 
that this research is intended to focus on [Noy and McGuinness, 2001].  
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External conceptual overlap refers to the intersection that could occur among two or 
more distinct ontology domain concepts due to the existence of certain relationships 
among them, (Figure 2). 
 
A  facet  represents  a  criterion  that  would  render  a  hierarchical  taxonomy  of  the 
concept. When multiple facets are taken into account, the result is a poly hierarchical 
taxonomy  of  that  concept.  This  notion  of  facet  extends  the  definition  of  “value 
partition” introduced in [Rector, 2005]. 
 
When there is overlap among the facets, the poly hierarchical taxonomy will exhibit 
scenarios where certain terms will overlap each other across the taxonomies involved. 
Multiple  inheritance  provides  a  view  of  such  scenario.  The  expression  multiple 
inheritance  in  this  context,  refers  to  the  situation  where  a  term  in  the  developed 
ontology is subsumed by two or more different terms in the ontology. In the case of 
ontology development using the OWL language this situation could apply to both 
OWL Classes and OWL Properties. 
 
It is important to note the distinction between “conceptual overlap” and “multiple 
inheritance”.  Throughout  this  report  conceptual  overlap  is  considered  an  ontology 
design problem while multiple inheritance is viewed as one of the possible approaches 
to address and illustrate this problem, but not the only one. 
 
To obtain a better idea of the multiple inheritance landscape for the ontologies in the 
Web, Figure 2 in [Wang et al., 2006] shows the shape of class hierarchies for the 1275 
ontology files in the survey, (688 OWL and 587 RDFS ontologies).  
 
Out of the 688 OWL ontologies, 122 were Directed Acyclic Graphs (DAGs), (17.7%) 
and 64 were multitrees (9.3%). This gives a total of 27% were most likely some type 
of conceptual overlap modelling in their class hierarchy is taking place. In the inferred 
ontology this number goes up to 30.2%.  
 
In the case of RDFS ontologies, out of 587 included in the survey, a total of 77 (13%) 
had a DAG (6.8%) or a multitree (6.3%) as the shape of their class hierarchy.  
 
The combined result is that about 20% of all ontologies on the Web (considered in the 
survey)  include  some  type  of  multiple  inheritance  modelling  scenario.  This  value 
seems too low based on how common multiple inheritance occurs in the real world. A 
possible interpretation for this could be due to a lack of best practice guidelines on 
how to model this problem, which in turn could be causing ontology developers to 
find creative ways to circumvent it. 
  
On  a  similar  study  [d’Aquin,  Baldassarre  et  al.,  2007],  surveys  indicate  that  the 
number  of  ontologies  and  their  presence  in  the  traditional  Web  increases  rapidly 
according to the latest figures. The number of OWL and RDF-S ontologies available 
online is approximately 6200 and 1700 respectively. These numbers are in the order 
of nearly ten times larger in the case of OWL ontologies and more than double for 
RDF-S when compared to the survey in [Wang et al., 2006] about a year earlier. The 
latter reported 688 and 587 OWL and RDF-S ontologies respectively.  
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important to note however, that ontology evaluation, a broad research area in itself, is 
not a research objective in this report. Instead it is used as a supporting tool to allow 
the analysis and comparison of the proposed ontology modelling options. 
 
There are several approaches in the field of ontology evaluation such as: application 
usage,  decision  criteria  definition,  use  of  a  gold  standard,  data-driven  and  logical 
consistency. The rationale behind these approaches is outside the scope of this report 
and the reader is referred to [Vrandecic, 2006] which provides a concise overview of 
the methodologies, together with the most relevant works within each one of them. 
 
The initial framework for ontology evaluation used in this report is derived from the 
documents  released  by  the  W3C  Semantic  Web  Best  Practices  and  Deployment 
Working  Group.  These  documents  address  evaluation  of  ontology  modelling 
decisions at the content design level using the terminology in [Suarez-Figueroa et al., 
2007],  which  fits  the  purpose  of  this  research.  The  framework  and  the  rationale 
behind it, is covered in detail in the next section. 
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5. Future Work 
Currently, there are prototypes developed of the internal conceptual overlap Models  




The  prototypes  have  been  developed  using  the  Jena
7  Semantic  Web  development 
framework for Java, and they include full implementation of up to step 3 and partial 
implementation of step 4 in the methodology discussed in section 4. 
 
On that basis, the different lines open for future research can be grouped mainly in 
two. The first one deals with completing the remaining steps of the methodology 
while the second would attempt to introduce enhancements to it. 
 
Completion  of  the  remaining  steps,  step  4  and  beyond,  could  originate  certain 
subtasks which might lead to research paths not explored so far such as:  
 
·  Use the notion of path coverage analysis that is part of unit testing practices in 
traditional Software Engineering to define the suite of user questions in step 4 
[Vrandecic and Gangemi, 2006]. The idea being, attempting to cover as many 
conceptual overlap scenarios across candidate models as possible.  
 
·  Study the limitations of SPARQL to handle queries involving Negation as 
Failure (NaF) to retrieve sub-graphs from the target ontology models. 
 
·  Survey of the current state of the art in ontology evaluation to identify the 
evaluation method or methods, if any, that could be employed to measure the 
candidate  models  against  the  parameter  or  parameters  that  want  to  be 
considered in relation to the issue of conceptual overlap. The result of such 
survey may well conclude that the current ontology evaluation tools are not fit 
for  the  required  purpose  and  the  creation  of  new  ones  may  have  to  be 
considered. 
 
The  second  line  of  further  research  focuses  on  enhancements  to  the  methodology 
presented in section 4 that can be identified at this point. These enhancements include: 
 
·  Characterize the design criteria for a model that combines OWL Classes and 
Properties to represent internal conceptual overlap. 
 
·  Characterize the design criteria of external conceptual overlap models. 
 
·  Identify  what  parts  of  the  methodology  are  specific  to  the  problem  of 
conceptual overlap and what are generic to compare ontology models intended 
to represent the same domain concept. 
 
·  Formalize  the  characterization  of  the  exit  criteria  and  entry  criteria  of  the 
different steps in the method. 
                                                 
6 http://br205r-owlmi.ugforge.ecs.soton.ac.uk/ 
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·  Opportunities for automation of certain subtasks in some of the steps in the 
proposed methodology. Provided that the different modelling design patterns 
and  the  different  entry  and  exit  criteria  are  characterized  in  detail,  an 
application framework such as Jena could develop for example the different 
candidate  ontology  models,  the  creation  of  individuals  and  the  set  of  user 
questions. 
 
An additional task worth considering that would help to consolidate the principles 
established  throughout  this  report  is  the  application  of  such  principles  to  other 
examples of domain concepts that meet the characteristics of conceptual overlap laid 
out here. 
 
In an attempt to foresee completion of the different activities within the time window 
available  for  the  completion  of  this  PhD  program,  a  tentative  work  plan  for  the 
remaining year could look as follows: 
 
By the end of April 2008, roughly 4 months after the end of this report, the rest of 
steps  for  the  “Fault”  domain  concept  in  ReSIST  should  be  completed,  and  a  full 
iteration of the methodology presented should be executed on the different candidate 
ontology models. The results obtained should be recorded and presented. This time 
would provide about two months to find solutions to the obstacles outlined earlier in 
defining a suite of user questions, and another two months to identify an ontology 
evaluation tool as per the characteristics demanded in step 5 of the methodology. 
 
By  the  end  of  July  2008,  3  months  later,  at  least  two  additional  examples  of 
conceptual overlap in concepts from different domains should be proposed and once 
again, an iteration over the methodology to best model such domain concepts should 
be  carried  out.  The  results  from  these  additional  examples  should  be  contrasted 
among each other and with those from the “Fault” domain concept. 
 
The  findings  obtained  along  the  process  described  should  serve  as  the  basis  to 
document the final thesis due at the end of December 2008. 
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